The Potential of sGC Modulators for the Treatment of Age-Related Fibrosis: A Mini-Review.
Fibrotic diseases cause high rates of morbidity and mortality, and their incidence increases with age. Despite intense research and development efforts, effective and well-tolerated antifibrotic treatments are scarce. Transforming growth factor-β signaling, which is widely considered the most important profibrotic factor, causes a pro-oxidant shift in redox homeostasis and a concomitant decrease in nitric oxide (NO) signaling. The NO/cyclic guanosine monophosphate (cGMP) signaling cascade plays a pivotal role in the regulation of cell and organ function in whole-body hemostasis. Increases in NO/cGMP can lead to relaxation of smooth muscle cells triggering vasorelaxation. In addition, there is consistent evidence from preclinical in vitro and in vivo models that increased cGMP also exerts antifibrotic effects. However, most of these findings are descriptive and the molecular pathways are still being investigated. Furthermore, in a variety of fibrotic diseases and also during the natural course of aging, NO/cGMP production is low, and current treatment approaches to increase cGMP levels might not be sufficient. The introduction of compounds that specifically target and stimulate soluble guanylate cyclase (sGC), the so called sGC stimulators and sGC activators, might be able to overcome these limitations and could be ideal tools for investigating antifibrotic mechanisms in vitro and in vivo as they may provide effective treatment strategies for fibrotic diseases. These drugs increase cGMP independently from NO via direct modulation of sGC activity, and have synergistic and additive effects to endogenous NO. This review article describes the NO/cGMP signaling pathway and its involvement in fibrotic remodeling. The classes of sGC modulator drugs and their mode of action are described. Finally, the preclinical in vitro and in vivo findings and antifibrotic effects of cGMP elevation via sGC modulation are reviewed. sGC stimulators and activators significantly attenuate tissue fibrosis in a variety of internal organs and in the skin. Moreover, these compounds seem to have multiple intervention sites and may reduce extracellular matrix formation, fibroblast proliferation, and myofibroblast activation. Thus, sGC stimulators and sGC activators may offer an efficacious and tolerable therapy for fibrotic diseases, and clinical trials are currently underway to assess the potential benefit for patients with systemic sclerosis.